Introduction
Stroke results from critically reduced blood flow to the brain tissue due to bleeding or obstruction of arteries. Globally, stroke remains a major cause of disability despite advances in preventive treatment and in acute management (Hankey, 2017) . The most common impairment caused by stroke is motor disability affecting approximately 80% of the patients, most frequently seen as hemiparesis (Langhorne et al. , 2009) . Spontaneous recovery may occur in the following weeks and months after stroke and can be facilitated through rehabilitation involving exercise (Maulden et al. , 2005) . Despite of this, upper limb motor impairments are often persistent and disabling (Lai et al. , 2002) and no rehabilitation program has been proven superior to other programs (Pollock et al. , 2014) . Strategies aiming at enhancing rehabilitation programs require a greater understanding of the mechanisms of recovery. In the present study we set out to investigate the role of adaptations in the corticospinal tract (CST) for motor recovery of the affected hand during the subacute phase after stroke.
Studies performed in monkeys have demonstrated severe deficits in precise finger movements following selective lesion to the CST (Lawrence et al. , 1968 ) and diffusion-tensor imaging studies have consistently shown a relation between damaged CST fibres and motor deficits (Stinear et al. , 2007 , Schulz et al. , 2012 . In primates most of the neurons in the CST originate in the primary motor cortex (M1) and a subset of these makes direct, cortico-motoneuronal connections with spinal motoneurons especially towards distal finger muscles (Porter et al. , 1993) .
Evidence suggest that these direct connections play a key role in fractionated finger movements, which are important for manipulation of small objects (Lemon et al. , 2004) . It is believed that the direct connections work in parallel with the more indirect connections by adding the final spatiotemporal excitation patterns in order to produce appropriate levels of motoneuronal recruitment and discharge (Lemon et al. , 2004) . Disconnection of direct and indirect connections in the CST is assumed to be a major cause of impaired hand and finger motor function after stroke (Lemon, 2008) .
Estimates of task-related corticospinal connections can be noninvasively determined during finger movements from coherence analysis in human subjects. This measurement allows a statistical analysis to be performed to characterize the functional coupling in the frequency domain (coherence) between cortical oscillatory activity (measured by EEG) and motor activity (measured by EMG) during a task . I addition, coherence analysis of surface EMG within and between muscles provides a complementary means of measuring and detecting changes in the CST (Grosse et al. , 2002) . Previously cross-sectional studies have demonstrated that corticomuscular coherence (CMC) is reduced in the chronic phase after stroke (Mima et al. , 2001 , Braun et al. , 2007 , Fang et al. , 2009 , Rossiter et al. , 2013 and furthermore that CMC can increase in the chronic phase after training (Belardinelli et al. , 2017) , with peripheral electrical stimulation (Lai et al. , 2016) and with time (von Carlowitz-Ghori et al. , 2014) . However the adaptations in the CST during the first 4-6 weeks post-stroke, where the most dramatic improvements occur, have not been investigated. We hypothesized that CMC will be reduced in stroke patients and will increase in parallel to the stroke patient's improvement in functional performance during early recovery.
Materials and methods

Participants
We examined 19 patients (mean age 61 years, range 31-86 years, 2 females, 1 left-handed) with clinically diagnosed stroke and 18 control participants with no history of stroke (mean age 65 years, range 33-88 years, 5 females, 0 left-handed). The stroke patients had unilateral mild to moderate motor weakness of the hand (7 dominant hand affected). We excluded patients with hemorrhagic stroke, those unable to perform the pinch grip task and those with language/cognitive deficits sufficient to impair cooperation in the experiment. Motor strength of the affected hand was graded according to the modified MRC scale (Medical Research Council, 1986) . A full written consent was obtained from all participants in accordance with the Declaration of Helsinki. The study was approved by the Ethics Committee of Region Zealand (protocol-number: SJ-459).
Experimental design
Patients attended two sessions at approximately 3 days (Time 1; T1) and 38 days (Time 2; T2) post stroke. Hand preference before stroke was determined by handedness questionnaire (Oldfield, 1971) and cognitive ability and neglect were evaluated based on the mini mental state examination (Folstein et al. , 1975) and a general clinical assessment. During the experiment the patients were seated in an adjustable chair with their forearms resting comfortably on a table. Patients were scored on the Grooved Pegboard Test (Strauss, 2006) before they were instructed to control a lever placed in front of them with their affected thumb and index finger. Visual feedback of the force exerted was provided on a computer screen and the patients completed 3 maximal pinch grip contractions (MVC). A dynamic pinch task was then performed with the affected hand ( Fig. 1A ).
Patients were instructed to track a moving target (a ramp) as accurately as possible, by applying force to the levers (Fig. 1B) . A cursor moved automatically across the screen from left to right at a constant velocity and force applied to the levers moved the cursor upward. The force level of the ramp plateau (y-axis) was set to an individual level (10%MVC) lasting 3 s followed by a rest interval of 3-5 s. Patients performed 3×50 trials with 60 s of rest in between. Before recording, patients were acquainted with the setup and trained to control the lever. The force was measured with a load cell (UU2-K30, Dacell, Korea) and the trials were recorded by Signal software (CED, Cambridge, UK) and stored for later analysis. Control participants attended one session and they used either left or right hand in order to match the side of the affected hand in the stroke group.
Electrophysiological measurements
Data recorded included EEG activity from 64 electrodes and EMG activity from the affected hand (ActiveTwo, BioSemi, Amsterdam, The Netherlands) using acquisition software ActiView (version 6.05). Active EEG electrodes were mounted in a headcap (Headcap BioSemi, The Netherlands) with an electrode configuration complying with the 10-10 system. Three pairs of bipolar active EMG surface electrodes were placed on the affected (active) hand over first dorsal interosseous muscle (FDI), adductor pollicis (ADP) and abductor pollicis brevis (APB) muscles (interelectrode distance, 15 mm). EMG was recorded as part of the EEG dataset and so had the same preprocessing parameters. In BioSemi the ground electrode is formed by the Common Mode Sense active electrode and the Driven Right Leg passive electrode during acquisition. Offset values were below ±25 microV and recordings were set to AC and sampled at 2048 Hz.
Statistical analysis
Data analyses were performed using Matlab R2015a (MathWorks, MA, USA), with the toolbox EEGLAB v13.4.4b (Swartz Center for Computational Neuroscience; http://sccn.ucsd.edu/eeglab/) and the toolbox Statistical Parametric Mapping (SPM12). All files were imported to EEGLAB and a 5Hz high-pass filter were applied. This high-pass filter was applied in order to eliminate movement artifacts below 5Hz. Higher cutoff frequencies have recently been shown to result in a decrease of the reliability and agreement of the coherence variables (van Asseldonk et al. , 2014) .
Channels with significant drift or excessive 50Hz noise were removed using visual inspection of the EEG signals before data was re-referenced to average reference. The analysis was based on the steady contraction period during the ramp plateau, in which the strongest coherent activity in the beta band has been shown before (Kilner et al. , 1999) . The interval between 0.85 and 2.85 s after ramp onset showed a stable force production across participants and was used for further analysis of CMC and intermuscular coherence (IMC). The data were visually inspected and trials were discarded if a force reaction was clearly missing. Because coherence strength may relate to the number of trials across participants an equal number of trials were included for all participants based on the lowest number of accepted trials in one participant (142 trials). EEG channels and rectified EMG signals (Halliday et al. , 2010) were normalized to have unit variance (Halliday et al. , 2000) . Estimates of the power spectra in the steady interval were constructed from averaging periodograms across all trials generating f xx (λ) and f yy (λ), that represent the Fourier transforms of processes x, and y, at frequency λ. The cross spectrum between x and y, f xy (λ) was estimated in a similar manner. The correlation between EEG and EMG (or between EMG-EMG) signals at a given frequency λ was then assessed through the coherence function:
Coherence estimates provides a measure of linear association on a scale from 0 to 1. In addition, the cumulant density function was used to characterize the signals' correlation in an unbounded timedomain . In the present data, CMC estimates provide a measure of the fraction of the activity in the three surface EMG signals (EMG FDI, EMG APB , EMG ADP ,) at any given frequency that can be predicted by the activity in any of the 64 EEG signals measured at the cortex while IMC estimates provides a measure of the fraction of activity in EMG FDI signal that can be predicted by the activity in EMG APP or EMG ADP signal. In this way, coherence estimates quantify the strength of the coupling between cortex and the three muscles (CMC) and estimates the common input to the muscles (IMC). Scalp plots were generated with the CMC values in the beta band (15-30 Hz) from each scalp electrode towards each muscle. Data collection acquired during right hand use was flipped in the sagittal plane, so that the right hemisphere was contralateral to the moving hand in all participants. The individually scalp plots were checked for the presence of widespread coherence before averaging of participants in one scalp plot. Further statistical testing was performed on the cortical electrode with the most coherent activity (presumably above the contralateral sensorimotor cortex) toward the three hand muscles based on the average scalp plots.
Unfortunately the small distance between locations of measurements caused a widespread crosstalk between the EMG signals in 5 of the patients evaluated from the phase-frequency relationship (Grosse et al. , 2002) and coherence estimates beyond relevant frequencies.
According to Farina et al. (2014) there are currently no analytical procedures that can eliminate cross talk in a recorded EMG signal (Farina et al. , 2014) therefore 5 patients were excluded for the analysis of EMG FDI -EMG ADP coherence and 4 patients for the EMG FDI -EMG APB coherence.
In order to summarize coherence and cumulant density across participants, the individual estimates were pooled providing a single time or frequency domain measure (Amjad et al. , 1997) . Statistical difference of coherence was calculated using the Chi-Squared χ 2 extended difference of coherence test (Amjad et al. , 1997) . The χ 2 difference test provides a metric of the coherence difference at each frequency where significance is assessed through inclusion of an upper 95% confidence limit. In this study, estimates of pooled coherence were used to summarize the correlation structure in patients at two different time points (T1 and T2) after stroke and in control participants. To further quantify and identify the spread of individual coherence, the logarithmic value of the sum of coherence in the alpha band (5-15 Hz), the beta band (15-30 Hz) and the gamma band (30-50 Hz) were calculated and compared between controls and patients at T1 and T2 with respectively an unpaired-and paired-sample t-test.
The performance in the dynamic pinch task was measured as the root mean square (RMS) value of the error distance between the patient's torque signal and the displayed ramp load in the steady interval of the ramp plateau. In order to investigate the relation between performance and coherence, both the peak and area under the curve in the beta band were used. Non-normally distributed data was log-transformed and a two-tailed Pearson's correlation analyses were performed to test the relation between behavioral measurements and amount of coherence in patients and in control participants. A two-sampled t-test was use to investigate differences in behavioral measurements between patients and control participants and a paired-sampled t-test was used to investigate differences from T1 to T2. Statistical analyses were performed in Matlab.
Results are presented in means ±SD in text and as means ±SE in figures.
Results
Nineteen patients were recruited for this study. Four patients were excluded for statistical analysis:
One due to an error in hardware settings, one who could not co-operate to the dynamic pinch task and two patients had a medical history of previous stroke. Baseline characteristics for the 15 remaining patients are shown in Table 1 . Two patients cancelled their second recording day due to psychological and physiological tiredness caused by the stroke.
From T1 to T2 patients improved their MVC from 34 ±14 N to 40 ±14 N (t = -2.25, p = 0.04), their pegboard score from 8 ±3 pegs/30 s to 13 ±4 pegs/30 s (t = -5.36, p < 0.001) and their performance in the dynamic pinch task from 4 ±2 RMS to 3 ±1 RMS (t = 4.02, p < 0.01) (Fig. 2 ).
Compared to controls the patients' MVC was lower at T1 (t = -2, p = 0.05) but not at T2 (t = -0.59, p = 0.56) ( Fig. 2A) . The pegboard score was lower for patients than controls at both T1 (t = -8.44, p < 0.001) and T2 (t = -2.9, p < 0.01) ( Fig. 2B) while performance in the dynamic pinch task was lower for patients at T1 compared to controls (t = 2.87, p < 0.01) but not at T2 (t = -0.1, p = 0.92) ( Fig. 2C) .
In order to investigate fatigue in each session EMG signals from the first 25 trials was compared with the last 25 trials in FDI, APB and ADP separately. No increase in the amplitude and no decrease of the median power frequency were observed from the beginning to the end either in patients (T1 or T2) or in controls in any of the three muscles. In addition we observed an increase of performance from the first 25 trials to the last 25 trials in both patients at T1, T2 and in controls with no difference of the improvement rate between groups. Figure 3 shows an example of the different components analyzed for each person before pooling the data calculated from the 2 s hold phase in the dynamic pinch task and illustrated with data from one patient and one control participant. The power spectrum is shown for the EEG activity measured from the contralateral sensorimotor cortex (Fig. 3A) . A peak around 10 Hz is observed for the patient whereas a peak around 20 Hz is observed for the control participant. The EMG FDI power spectrum shows a peak around 8-12 Hz for the patient and a peak around 13-15 Hz for the control participant (Fig. 3B) . Figure 3C shows that the coherence estimate for the control participant was enhanced at the frequencies 10-25 Hz, whereas no enhanced coherence can be observed for the patient. The correlation in the time domain is estimated with the cumulant density function and shows a more pronounced peak for the control participant compared to the patient (Fig. 3D) . The pooled EEG and EMG power spectra as well as the pooled cumulant density estimate were in line with the results from the individual patient/control participant ( Fig. 3A-B, D) .
Thus the EEG power spectra data peaked around 10 and 20 Hz where 10 Hz was more pronounced for the patients at both T1 and T2 and 20 Hz was more pronounced for the control group. The power spectra for EMG peaked around 12 Hz for patients with no change between T1 and T2 and around 15 Hz for control participants while the cumulant density showed a more pronounced peak for the control participant compared to the patient at both T1 and T2 (data not shown). Figure 4A -C shows pooled coherence data between the contralateral sensorimotor cortex and the three finger muscles from 15 patients at T1, 13 patients at T2 and 18 control participants. Significant coherence was observed at 10-25 Hz for patients in EEG-EMG FDI (Fig. 4A) and EEG-EMG ADP (Fig. 4C) at both T1 and T2 and in EEG-EMG APB at T2 (Fig. 4B ). Control participants showed significant coherence at 15-25 Hz in all three muscles ( Fig. 4A-C) . Calculated from the χ 2 extended test for differences significantly higher coherence was observed at 17-25 Hz for controls participants compared to patients in all muscles while no convincing difference was observed in CMC between T1 and T2 in any of the three muscles ( Fig. 4D-F) . Significant coherence was observed in a wide frequency range for both EMG FDI -EMG APB and EMG FDI -EMG ADP in both patients and controls (Fig. 4G-H) . χ 2 extended test for differences showed significantly higher 5-25 Hz coherence for EMG FDI -EMG APB (Fig 4I) and 8-33 Hz coherence for EMG FDI -EMG ADP (Fig 4J) in controls as compared to patients . No significant difference was observed in IMC between patients at T1 and T2 ( Fig.4I-J ). In addition, we observed that the two excluded patients that have previously suffered from a stroke showed higher 5-25 Hz IMC but no difference in CMC compared to the rest of the patients (data not shown).
The individual amount of CMC and IMC calculated, as the area under the curve is shown for patients at T1 and T2 for the alpha band ( Fig. 5A-E ) and for the beta band ( Fig. 5F-J) .
This approach of quantifying CMC and IMC showed no difference from T1 and T2 in either frequency bands. Reduced EEG-EMG APB coherence was found in patients at T1 compared to controls in the alpha band (t = -2.08, p = 0.05) and in the beta band (t = -3.04, p < 0.01), but not in the alpha band or beta band for EEG-EMG FDI (t = -0.66, p = 0.52 & t = -1.93, p = 0.06) or EEG-EMG ADP (t = -0.72, p = 0.48 & t = -1.71, p = 0.1). Furthermore, reduced IMC was found in patients at T1 compared to controls in the beta band for EMG FDI -EMG APB (t = -2.09, p = 0.05) and EMG FDI -EMG ADP (t = -3.09, p < 0.01) but not in the alpha band (t = -1.44, p = 0.16 & t = -1.46, p = 0.16).
Coherence in the gamma band was also calculated but is not shown due to a very small amount of coherence within this frequency band (see Fig. 4 ) with no change between patients at T1 and T2 or between controls and patients at T1. Figure 6 shows average scalp plots of CMC between EEG channels and EMG FDI in the beta band. The most coherent activity was found above the contralateral sensorimotor cortex at C3/C4 and an examination of the individual scalp plots did not reveal any clear pattern of widespread CMC activity. Thus the C3/C4 electrode was used for analysis of coherence estimates.
The average scalp plots of CMC from EEG-EMG APB and EEG-EMG ADP showed similar coherent activity with the highest correlation towards the electrode above the contralateral sensorimotor cortex (data not shown).
No relation was observed at T1, T2 or in the control participants between performance in the dynamic pinch task and EEG-EMG FDI coherence quantified as peak values or area under the curve in the beta band. We also found no correlation between CMC and MVC or between CMC and pegboard scores at T1, T2 or in control participant. Given that inter-subject variation in coherence can be high even in healthy individuals (Jaiser et al. , 2016) , we also analyzed the correlation between changes in CMC and changes in performance score but this also revealed no correlations.
The same pattern was observed for EEG-EMG APB , EEG-EMG ADP , EMG FDI -EMG APB and EMG FDI -EMG ADP . We also did not observe any relation between age and coherence in patients or control participants.
Discussion
In this study, simultaneous EEG and EMG recordings were obtained from cortex and affected finger muscles during an isometric pinch grip to investigate the task-related coupling in the early phase after stroke. The results provide evidence that both CMC and IMC are reduced in the acute phase after stroke with no significant change within the following 4-6 weeks despite improved behavioral performance in the dynamic pinch task, MVC and pegboard score.
CMC is a marker of the corticospinal pathway based on the functional coupling between oscillatory signals from the brain and active muscles . A significant coupling between the two signals is usually observed within the beta band during an isometric pinch grip (Kilner et al. , 1999) . In line with previous studies we observed that CMC was not only reduced in this frequency range, but also occurred at somewhat lower frequencies after stroke compared to healthy age-matched controls (Mima et al. , 2001 , von Carlowitz-Ghori et al. , 2014 . It has been suggested that decreased CMC and slowing of CMC frequencies are related to aging (Kamp et al. , 2013) . However, this is unlikely to explain the findings in the present study, since stroke and control participants were at the same age. We also did not find any correlation between age and CMC. It seems more likely that the lower frequencies and the reduction of CMC are both related to changes in the oscillatory properties of the network responsible for generating CMC following stroke. The partial disconnection of corticospinal neurons is likely to influence the excitability and discharge properties of both projection neurons and local inhibitory and excitatory interneurons in the motor cortex (Hansen et al. , 2004) . The properties of spinal motor neurons and the muscle fibres they innervate have also been shown to change following damage to the CNS (Thomas et al. , 2002) and changes in the sensory feedback mechanisms may also play an important role in the 15-30 Hz CMC (Witham et al. , 2011) . The general clinical exam revealed a small sensory loss in 6 patients. This may have contributed to the reduced amount of CMC.
IMC in the beta band is related to CMC (Kilner et al. , 1999) and appears to reflect the common oscillatory drive to the motor units from branches of corticospinal tract fibres.
Nevertheless, additional oscillatory presynaptic drives to spinal motoneurons other than those of cortical origin also contribute to IMC (Grosse et al. , 2002) , which may explain why the amount of IMC is more pronounced than CMC in both patient and controls. Interesting, in data from two patients previously suffering from a stroke higher 5-25 Hz IMC than the rest of the patients was observed suggesting that recovery from the first stroke have involved an increase of subcortical plasticity for the two patients.
A frequent finding in PET and fMRI studies is that patients with stroke show more task-related brain activation in both the affected and the unaffected hemisphere (Rehme et al. , 2012) . The topographic distribution of significant CMC on the contralateral (affected) hemisphere was however similar in the present study to the distribution in control participants although the amount of coherence was smaller. This is in line with previous CMC studies that did not observe a shift towards the ipsilateral side (Mima et al. , 2001 , Braun et al. , 2007 , Fang et al. , 2009 , von Carlowitz-Ghori et al. , 2014 , Lai et al. , 2016 . Yet, two recent CMC studies found coherent activity between affected muscles and primary and secondary motor cortices in both the affected and unaffected hemisphere (Rossiter et al. , 2013 , Belardinelli et al. , 2017 . Of note, findings from TMS studies has previous suggested a contralesional shift in balance of functionally relevant activity with greater impairment (Johansen-Berg et al. , 2002 , Fridman et al. , 2004 which may explain the bilateral CMC observed in severely impaired patients in the study by Belardinelli et al. (2017) . However Rossiter et al. (2013) included patients of various impairments and did not find any correlation between impairment and location of CMC (Rossiter et al. , 2013) . It seems natural to assume that pre-existing ipsilateral corticospinal connections compensate for damage to the crossed pathways, however evidence for the control of the hand movements via ipsilateral corticospinal connections is weak in primates and humans (Werhahn et al. , 2003 , Soteropoulos et al. , 2011 , Zaaimi et al. , 2012 . Alternatively task-related changes in ipsilateral CMC may be mediated by bilateral cortico-reticulospinal connections , Zaaimi et al. , 2012 , Foysal et al. , 2016 . Further investigation is needed for a more complete understanding of the relationship between functional recovery and widespread CMC in humans.
To our knowledge adaptations in CMC have not previously been investigated during early recovery following stroke. Surprisingly, despite clear improvements in performance we did not observe any significant changes in CMC between the contralateral sensorimotor cortex and affected muscles. This is in contrast to the study by von Carlowitz-Ghori et al. (2014) who found an increase in the amount of CMC from the acute to the early chronic stage (~6 months post stroke) in 7 patients following stroke (von Carlowitz-Ghori et al. , 2014) and to Belardinelli et al. (2017) who observed an increase in CMC after a four-week rehabilitative intervention in severely impaired chronic stroke patients. Belardinelli et al. (2017) report that behavioral improvements were observed in parallel with an increase in CMC but the motor gains and the pattern of CMC changes were not correlated. In another study by Braun et al. (2007) a relation between behavioral performance and CMC was found in stroke patients in the chronic phase, but not in healthy participants concluding that the correlation between motor performance and CMC was specific for patients with stroke (Braun et al. , 2007) . However, a similar relation between CMC and performance in patients with stroke in the chronic phase has not been found in other studies (Graziadio et al. , 2012 , Rossiter et al. , 2013 , Belardinelli et al. , 2017 . Different methods, e.g. synergistic activation verses individuated finger control (Reyes et al. , 2017) and different ways of quantifying CMC (e.g. peak, area under the curve) probably explain these discrepancies. In an attempt to address this we tested correlations between all included behavioral measurements and coherence quantified as both peak values and area under the curve in the beta band, but found no significant correlations. Thus, regardless of different approaches it appears that improved performance can occur without a clear correlation to CMC or IMC suggesting that coherence is not an efficient marker for early recovery of hand function following stroke.
A recent study from 2017 showed that the critical window of spontaneous recovery occur within the first 5 weeks after stroke (Cortes et al. , 2017) . In addition finger strength seems to have a faster improvement rate compared to independent control of fingers after stroke (Sunderland et al. , 1989 . This is in line with our study where we observed an increase in all performance measurements in patients from T1 to T2, but a persistent reduced pegboard score in patients compared to controls. The pegboard task requires independent control of fingers, whereas the pinch grip strength and the dynamic pinch task involve a combination of strength and precision control of individual fingers (Xu et al. , 2015) . It may therefore be that the changes in performance that we observed are primarily related to recovery of muscle strength rather than improved muscle coordination. This would be consistent with the increase in MVC and it might also provide a possible explanation why we observed no change in CMC from T1 to T2, since changes in CMC have mainly been observed in other studies in relation to improvements in coordination (Larsen et al. , 2016) .
It could also be speculated that reorganization in mild impaired patients rely more on cortico-cortical adaptations and interhemispheric connectivity rather than the oscillatory properties of the sensory-motor network involving the corticospinal pathways. A study combining TMS, MRI and analyses of connectivity investigated the role of CST damage, cortical excitability and motor network effective connectivity for recovery of hand function in chronic stroke patients with mild to moderate unilateral hand motor deficits (Volz et al. , 2015) . The authors found that persistent impairments of hand motor function after stroke are not only reflected by the amount of CST damage. Rather, changes in ipsilesional (affected) M1 excitability and interhemispheric connectivity beyond the structural damage seem to contribute to motor function. Furthermore, a recent diffusion-tensor imaging study demonstrated that in chronic stroke patients with relatively less motor impairment motor recovery correlated with structural integrity in the corpus callosum but not the CST, while in patients with relatively greater motor impairment, motor recovery correlated with structural integrity in the CST but not the corpus callosum (Stewart et al. , 2017) .
Finally it has been suggested that CMC primarily reflect transient signal bindings and working memory-related activities, which would mean that the amount of CMC is highly influenced by attentional demands and the timing of measurement in relation to e.g. motor training (Kristeva-Feige et al. , 2002 , Perez et al. , 2006 . Studies investigating CMC following a single bout of training in healthy participants have demonstrated that CMC is enhanced shortly after training and return to baseline within minutes despite maintained motor performance abilities (Perez et al. , 2006 , Geertsen et al. , 2013 , Larsen et al. , 2016 . Hence, we speculate that CMC may contribute to recovery by helping preserve and strengthen newly formed projections in a time-dependent manner.
Some limitations need to be acknowledged. All patients were CT-scanned, but only in some of them was an additional MRI scanning performed to more precisely localize small lesions.
However, Rossiter et al. (2013) found no relation between CMC and lesion location suggesting that functional impairment rather than lesion location seems to be a feasible selection criterion (Rossiter et al. , 2013) . In the pooled coherence analyses the controls showed a significantly higher CMC and IMC than patients in frequencies of respectively 17-25 Hz (fig 4D-F) and 5-33 Hz (Fig. 4I-J) . IMC and CMC for EEG-EMG APB quantified, as area under the curve showed similar results while the difference for EEG-EMG FDI and EEG-EMG ADP was less convincing. The variability in CMC is high even in the controls, which may be part of the reason for this. Increased CMC has previously been observed in healthy participants during fatiguing contractions (Tecchio et al. , 2006) . In the present study, we cannot exclude that fatigue influenced the amount of coherence measured in both control participants and stroke patients. However, we found no increase in EMG amplitude or decrease of EMG median power frequency, which are usually good indicators of fatigue (Kallenberg et al. , 2007) , during the trials in either patients or controls. In addition, performance generally improved during the trials, which is also unlikely if fatigue had been a significant problem. We therefore find it unlikely that fatigue influenced the measurements of CMC or IMC in either group.
Finally we cannot exclude that a change in strategy between involved muscles may mask the role of adaptation in the CST and that other joints and muscles than the 3 finger muscles we estimated coherence from, have been involved in the optimization of task performance. In addition, surface EMG may be limited by volume conduction between muscles, which will also mask the result.
Conclusion
To our knowledge this is the first study to investigate CMC and IMC during the early recovery phase after stroke. The distribution of significant CMC above the contralateral (ipsilesional) sensorimotor cortex was similar to the distribution of control participants but the amount of both CMC and IMC was persistently reduced and CMC occurred at somewhat lower frequencies after stroke. No significant correlation was found between the amount of coherence and the level of functional recovery. Overall these results demonstrate a sustained reduced CMC and IMC in patients during the subacute phase after stroke where recovery of hand function does not require adaptations in coherence. 
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